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SUMVARY

Asperqgillus oryzae is an asexual, asconycetous fungus used
for hundreds of years in the production of soy sauce, mso and
sake without recorded incidents. It has also been used in the
fermentation industry for production of enzynmes and other organic
conmpounds. There are conflicting opinions about whether A
oryzae can be isolated in nature. Wile it has been suggested
that all strains of A oryzae are natural variants of A flavus
nodi fied through years of selection for fernmenting foods, this
t heory has not been fully accepted in the scientific comunity.
A. oryzae is regarded as having no pathogenicity for plants or
animals, though there are a few reports of isolation of A oryzae
frompatients. Products of A oryzae fernentations seemto be
associated with allergic responses in certain occupations with
potentially high exposure to those materials, e.g., production of
a-anylase. A. oryzae can produce a variety of nycotoxins when
fermentation is extended beyond the usual tine needed for these
foods. WIld A flavus isolated fromthe environnent readily
produce afl atoxins and other nycotoxins. A oryzae, however,
does not produce afl atoxin and has not been shown to be capabl e
of aflatoxin production. The potential risks fromuse of A
oryzae in fernmentation facilities are | ow

1. BACKGROUND
A. | nt roducti on

EPA recogni zes that sonme m croorganisnms present a |low risk
when used under specific conditions at general commercial use.
Therefore, EPA is proposing expedited regul atory processes for
certain mcroorgani sns under these specific conditions at the
general commercial use stage. M croorgani smuses that woul d be
exenpt neet criteria addressing: (1) perfornmance based standards
for mnimzing the nunbers of m croorganisns emtted fromthe
manufacturing facility; (2) the introduced genetic material; and
(3) the recipient mcroorganism M croorganisns that qualify for
t hese exenptions, terned Tier | and Tier |Il, nust neet a standard
of no unreasonable risk in the exenpted use.

To evaluate the potential for unreasonable risk to human
health or the environnment in devel oping these exenptions, EPA
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focuses primarily on the characteristics of the recipient

m croorganisnms. |If the recipient is shown to have little or no
potential for adverse effects, introduced genetic materi al
meeting the specified criteria would not likely significantly

i ncrease potential for adverse effects. As further assurance
that risks would be |l ow, EPA is also specifying procedures for

m ni m zi ng nunbers of organisns enmtted fromthe facility. Wen
bal anced agai nst resource savings for society and expected
product benefits, these exenptions will not present unreasonable
risks.

B. Criteria for Mnimzing Rel ease from Manufacturing
Facilities

The standards prescribed for the Tier | exenption require
the following: (1) the structure(s) be designed and operated to
contain the mcroorganism (2) access to the structure should be
limted to essential personnel, (3) inactivation procedures shown
to be effective in reducing the nunber of viable m croorgani sns
in liquid and solid wastes should be followed prior to disposal
of the wastes, (4) features to reduce mcrobial concentrations in
aerosol s and exhaust gases released fromthe structure should be
in place, and (5) general worker hygiene and protection practices
shoul d be fol |l owed.

1. Definition of structure. EPA considers the term
"structure" to refer to the building or vessel which effectively
surrounds and encl oses the m croorganism \Vessels may have a
variety of fornms, e.g., cubic, ovoid, cylindrical, or spherical,
and may be the fernentation vessel proper or part of the
downstream product separation and purification line. Al would
performthe function of enclosing the mcroorganism |n general,
the material used in the construction of such structure(s) woul d
be i nperneable, resistant to corrosion and easy to
clean/sterilize. Seans, joints, fittings, associated process
pi ping, fasteners and other simlar elenments would be seal ed.

2. Standards to mnimze mcrobial release. EPA s
proposi ng, for several reasons, a sonewhat cautious approach in
prescribing standards for m nimzing the nunber of m croorganisns
emtted through the di sposal of waste and the venting of gases.
First, a wide range of behaviors can be displayed by
m croorgani snms nodi fied consistent wwth EPA's standards for the

i ntroduced genetic material. Second, EPA will not conduct any
revi ew what soever for Tier | exenptions. EPA believes the
requirenent to mnimze emssions wll provide a neasure of risk

reduction necessary for naking a finding of no unreasonable risk.
Taken together, EPA' s standards ensure that the nunber of
m croorgani sns emtted fromthe structure is mnimzed.
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EPA' s proposed standards for mnim zing em ssion specify
that liquid and solid waste containing the m croorgani sns be
treated to give a validated decrease in viable mcrobial
popul ations so that at |east 99.9999 percent of the organi sns
resulting fromthe fernentation wll be killed. Since the
bacteria used in fernmentati on processes are usually debilitated,
either intentionally or through acclimation to industrial
fermentation, the small fraction of m croorgani snms renaini ng
viable after inactivation treatnents will |ikely have a reduced
ability to survive during disposal or in the environnent.

Mor eover, industrial conmpanies, in an attenpt to keep their
proprietary m croorgani sns fromconpetitors and to reduce the

m crobi al nunbers to those permtted by |ocal sanitation
authorities, nodify the mcroorganisns to increase the ability of
their mcroorganisnms to survive and performtheir assigned tasks
in the fermentor but decrease their ability to survive in the
envi ronnent external to the fernentor.

EPA requirenents al so address m croorgani sns in the exhaust
fromthe fernmentor and along the production line. To address
exhaust fromfernentors, EPA is proposing that the nunber of
m croorgani sns in fernentor gases be reduced by at |east two | ogs
prior to the gases being exhausted fromthe fernmentor. EPA
sel ected this nunber based on an estinmate of the nunbers of
m croorganisns likely to be in the exhaust froman uncontroll ed
fermentor and common industry practice. Mreover, m croorgani sns
that are physiologically acclimated to the growh conditions
within the fernentor are likely to be conpromsed in their
ability to survive aerosolization. EPA anticipates, therefore,
that few m croorganisnms will survive the stresses of
aerosol i zation associ ated with being exhausted in a gas fromthe
fermentor. The provision requiring reduction of m croorgani sns
in fermentor exhaust gases contributes to minimzing the nunber
of viable mcroorganisns emtted fromthe facility.

EPA is al so proposing that the requirenents specify that
ot her systens be in place to control dissem nation of
m croorgani sns by other routes. This would include prograns to
control pests such as insects or rats, since these m ght serve as
vectors for carrying mcroorgani snms out of the fernentation
facilities.

3. Worker protection. The requirenent to mnimze
m crobi al em ssions, in conjunction with the requirenment for
general worker safety and hygi ene procedures, also affords a
measure of protection for workers. Potential effects on workers
that exist with mcroorganisns in general (e.g., allergenicity)
will be present with the m croorgani sns qualifying for this
exenption. As wth other substances that humans may react to
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(e.g., pollen, chemcals, dust), the type and degree of

al l ergenic response is determ ned by the biology of the exposed
individual. It is unlikely that a mcroorganismnodified in
keeping wth EPA s specifications for the introduced genetic

mat eri al woul d i nduce a hei ghtened response. The general worker
hygi ene procedures specified by EPA shoul d protect nost
individuals fromthe allergenic responses associated with

m croorgani sns exhausted fromfernentors and/or other substances
emtted al ong the production line. The EPA requirenent that
entry be limted to essential personnel also addresses this
consideration by reducing to a mninmumthe nunber of individuals
exposed.

4. Effect of containnent criteria. As further assurance
that risks would be | ow, EPA is specifying procedures for
m ni m zi ng nunbers of organisns emtted fromthe facility for the
Tier | exenption. EPA is not specifying standards for mnim zing
t he nunber of mcroorganisns emtted fromthe facility for
m croorgani sns qualifying for Tier Il exenption. Rather, the
Agency requests that submtters utilize as guidance the standards
set forth for Tier | procedures. The procedures proposed by the
submtter in a Tier Il exenption request will be reviewed by the
Agency. EPA will have the opportunity to eval uate whether the
procedures the submtter intends to inplement for reducing the
nunber of organisns emtted fromthe facility are appropriate for
t hat m croorgani sm

C. | nt roduced Genetic Material Criteria

In order to qualify for either Tier | or Tier Il exenption,
any introduced genetic material nust be limted in size, well
characterized, free of certain nucleotide sequences, and poorly
nmobi | i zabl e.

1. Limted in size. |Introduced genetic material nust be
limted in size to consist only of the followng: (1) the
structural gene(s) of interest; (2) the regulatory sequences
permtting the expression of solely the gene(s) of interest; (3)
t he associ ated nucl eoti de sequences needed to nove genetic
material, including |linkers, honopol yners, adaptors, transposons,
i nsertion sequences, and restriction enzyne sites; (4) the
nucl eoti de sequences needed for vector transfer; and (5) the
nucl eoti de sequences needed for vector nmintenance.

The limted in size criterion reduces risk by excluding the
introduction into a recipient of extraneous and potentially
uncharacterized genetic material. The requirenment that the
regul atory sequences permt the expression solely of the
structural gene(s) of interest reduces risk by preventing
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expressi on of genes downstream of the inserted genetic material.
The limtation on the vector sequences that are conponents of the
i ntroduced genetic material prevents the introduction of novel
traits beyond those associated with the gene(s) of interest. The
overall result of the |imted in size criterion is inproved
ability to predict the behavior of the resulting m croorgani sm

2. Vll characterized. For introduced genetic nmaterial,
wel | characterized neans that the foll owi ng have been determ ned:
(1) the function of all of the products expressed fromthe
structural gene(s); (2) the function of sequences that
participate in the regulation of expression of the structural
gene(s); and (3) the presence or absence of associ ated nucl eoti de
sequences.

Wel | characterized includes know edge of the function of the
i ntroduced sequences and the phenotypi c expression associ at ed
with the introduced genetic material. Genetic material which has
been exam ned at the restriction map or sequence |evel, but for
whi ch a function or phenotypic trait has not yet been ascri bed,
is not considered well characterized. WII| characterized would
i ncl ude know ng whether nultiple reading franes exist wthin the
operon. This relates to whether nore than one biol ogical product
m ght be encoded by a single sequence, and addresses the
possibility that a nodified m croorgani smcould display
unpr edi cted behavi or should such nultiple reading franmes exi st
and their action not be anticipated.

3. Free of certain sequences. In addition to inproving
the ability to predict the behavior of the nodified
m croorganism the well characterized requirenent ensures that
segnents encoding for either part or the whole of the toxins
listed in the proposed regulatory text for the TSCA bi ot echnol ogy
rule would not inadvertently be introduced into the recipient
m cr oor gani sm

These toxins are pol ypeptides of relatively high potency.
O her types of toxins (e.g., nodified am no acids, heterocyclic
conpounds, conpl ex pol ysacchari des, glycoproteins, and peptides)
are not listed for two reasons. First, their toxicity falls
within the range of noderate to | ow. Second, these types of
toxins generally arise fromthe activity of a nunber of genes in
several netabolic pathways (nultigenic).

In order for a mcroorganismto produce toxins of nultigenic
origin, a large nunber of different sequences woul d have to be
i ntroduced and appropriately expressed. It is unlikely that al
of the genetic material necessary for netabolizing nultigenic
toxi ns woul d be inadvertently introduced into a recipient
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m croorgani smwhen requirenents that the genetic material be
l[imted in size and well characterized are foll owed.

Simlarly, other properties that m ght present risk concerns
result fromthe interactive expression of a |arge nunber of
genes. For exanple, pathogenic behavior is the result of a |large
nunber of genes being appropriately expressed. Because of the
conpl ex nature of behaviors such as pathogenicity, the
probability is Iow that an insert consisting of well
characterized, limted in size genetic material could transform
the m croorgani snms proposed for exenption into m croorgani snms
whi ch di spl ay pat hogeni ¢ behavi or.

4. Poorly nobilizable. Poorly nobilizable neans the
ability of the introduced genetic material to be transferred and
nmobilized is inactivated, with a resulting frequency of transfer
of less than 10°® transfer events per recipient. The requirenent
that the introduced genetic nmaterial be poorly nobilizable
reduces potential for transfer of introduced genetic sequences to
other mcroorganisns in the environment. Such transfers would
occur through the interaction of the introduced m croorgani sm
wi t h i ndi genous m croorgani snms through conjugation, transduction,
or transformation. Through such transfers, the introduced
genetic material could be transferred to and propagated within
di fferent popul ati ons of m croorgani sns, including m croorgani sns
whi ch may never previously have been exposed to this genetic
material. It is not possible to predict how the behavi or of
t hese potential recipient mcroorganisns wll be affected after
upt ake and expression of the genetic material.

Since EPAis not limting the type of organismthat can
serve as the source for the introduced genetic material, sonme
limtation is placed on the ability of the introduced genetic
material to be transferred. This limtation mtigates risk by
significantly reducing the probability that the introduced
genetic material would be transferred to and expressed by ot her
m cr oor gani sns.

The 108 frequency is attainable given current techniques.
Plasmids with transfer rates of 108 exist or are easily
constructed. Sone of the plasm ds nost commonly enpl oyed as
vectors in genetic engineering (e.g., pBR325, pBR322) have
nmobi | i zation/transfer frequencies of 108 or |ess.

The criteria set for "poorly nobilizable" for transduction
and transformati on shoul d not prevent nost m croorganisns from
nmeeting the exenption criteria, since the magjority of transfer
frequencies reported for transduction and natural transformation
are less than 108 Higher frequencies are likely only if the
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i ntroduced genetic material has been altered or selected to
enhance frequency.

Fungal gene transfer has al so been considered in devel opnent
of the poorly nobilizable criterion. Although nobile genetic
el ements such as transposons, plasm ds and doubl e stranded RNA
exist in fungi and can be readily transferred, this transfer
usually is only possible between nenbers of the sanme species
during anastonpsis, a process specific to fungi. Since
anastonosis only occurs between nenbers of the sane species, the
i ntroduced genetic material would not be transferred to distantly
related fungi as may occur with bacteri a.

5. Effect of introduced genetic material criteria. The
requi renents placed on the introduced genetic material, in
concert with the level of safety associated with Asperqgillus
oryzae, ensure that the resulting m croorgani sns present |ow or
negligible risk. The probability is low that the insertion of
genetic material neeting EPA' s criteria into strains of A oryzae
wi || change their behavior so that they would acquire the
potential for causing adverse effects. Risks would be mtigated
by the four criteria placed on the introduced genetic material,
the relative safety of A oryzae, and the inactivation criteria
specified for the Tier | exenption. In the case of Tier |
exenption, risks would be mtigated in light of the four criteria
pl aced on introduced genetic material, the relative safety of A
oryzae, and EPA's review of the conditions sel ected.

D. Reci pient McroorganismCriteria

Six criteria were used by EPA to determine eligibility of
reci pient mcroorganisns for the tiered exenption.
M croor gani sms which EPA finds neet these criteria are listed as
eligible recipients. The first criteria would require that it be
possible to clearly identify and classify the m croorgani sm
Avai | abl e genotypi ¢ and phenotypic information should allow the
m croorganismto be assigned w thout confusion to an existing
taxon which is easily recogni zed. Second, information should be
avai l able to evaluate the relationship of the m croorganismto
any other closely related m croorgani sns which have a potenti al
for adverse effects on human health or the environnment. Third,
there should be a history of commercial use for the
m croorganism Fourth, the commercial uses should indicate that
the m croorgani sm products m ght be subject to TSCA jurisdiction.
Fifth, studies are available which indicate the potential for the
m croorgani smto cause adverse effects on human health and the
environment. Sixth, studies are avail able which indicate the
survival characteristics of the mcroorganismin the environnent.
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After each m croorgani smwas reviewed using the six
evaluation criteria, a decision was nmade as to whether to place
the mcroorganismon the list. The Agency's specific
determ nation for Aspergillus oryzae is discussed in the next
unit.

I11. EVALUATI ON OF ASPERG LLUS ORYZAE

A Hi story of Use

1. Hi story of safe comercial use. A oryzae is used
in the production of many different oriental foods such as soy
sauce, sake and mso. As a "koji" nold, A oryzae has been used
safely in the food industry for several hundred years. It is
al so used to produce livestock probiotic feed supplenents. The
koji nold enzynes were anong the first to be isolated and
comercialized nearly 100 years ago. A. oryzae is considered a
Class 1 Contai nment Agent under the NI H Guidelines for Research
| nvol vi ng Reconbi nant DNA Mol ecul es. I n Europe, Asperqgillus
speci es are consi dered category 2 under the European Federation
of Bi otechnol ogy gui delines and category 1 under the OECD
cont ai nment scal e.

2. Products subject to TSCA jurisdiction. A oryzae
is currently used in the production of organic conpounds such as
glutam c acid and several enzynes that are of potential use
comercially, for exanple, anylase, protease and b-gal act osi dase.
Wi |l e these enzynmes coul d be used as TSCA products, they are nore
often used in food processing. |In 1989, EPA reviewed a
premanuf acture notice (PMN) for a strain of A oryzae nodified
for enhanced production of a |ipase enzyne to be used primarily
in detergent fornulations for the renoval of fat-containing
stains. In 1994, EPA reviewed a PW for a simlar strain of A
oryzae nodified for enhanced production of a cellulase gene for
use in detergents as a color brightening agent.

B. | dentification of M croorgani sm

1. Classification. The genus Aspergillus represents
a grouping of a very |large nunber of asexual fungi whose taxonony
i s based on norphol ogi cal features. The genus has been divided
into groups based on attributes of the spores, conidiophores, and
sclerotia. Because this separation of individual species into
groups i s based on norphol ogi cal or physi ol ogi cal
characteristics, it has resulted in sonewhat tenuous and
overl apping classification. Wile it has been hypothesi zed that
A. oryzae is a donesticated version of A flavus, a species known
to produce potent aflatoxins, this theory has not been fully
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accepted by the scientific community. Wile A oryzae and A
flavus are closely related, the industrially used A oryzae
strains can be distinguished fromA. flavus.

2. Rel ated species of concern. A. oryzae is a nenber
of the A flavus group of Asperqgillus species. Mt of the
menbers of this group are known to produce potent mnycot oxins,

i ncluding afl atoxins. Chronpbsomal DNA honol ogy and ot her

t echni ques have shown strains of A oryzae and A flavus to be
essentially indistinguishable. It has been assuned that A
oryzae is a donesticated version of A flavus that has been
selected for use in foods because of its |ow probability of
mycot oxi n producti on.

C. Ri sk Summary

1. Studies regarding potential for adverse effects.
A. oryzae strains can produce a variety of mycotoxins after
extended fernentation; however, only a few strains are known to
produce the nore potent toxins. There have been reports of
occupational asthma associated with use of A oryzae;
allergenicity appears to be associated wth the a-anyl ase
produced by the fungus. A. oryzae does not appear to be a
significant human pat hogen, nor has it been reported as a pl ant
or ani mal pathogen. Al though A. oryzae strains appear stable
under cultivation, in theory there remains a renote probability
that reversion to A flavus phenotype could occur, if
rearrangenent of genetic material rather than deletion is the
mechani sm by which the A flavus phenotype is lost. A oryzae is
not known to produce afl atoxins.

2. Studi es regarding survival in the environnent.
There are conflicting opinions about whether A oryzae can be
isolated fromthe environnent. A. oryzae seens to be a species
created by donestication of A flavus wild type and therefore may
have | ost certain features inportant to survival in the
environnent. Although soil is a possible natural habitat for A
oryzae, the intrinsic features of donesticated strains are
expected to limt their ability to survive in a natura
envi ronnent .

| V. BENEFI TS SUMVARY

Substantial benefits are associated with this proposed
exenption. Aspergillus oryzae is already w dely enployed in
general commercial uses, sone of which are subject to TSCA
reporting. The Agency believes this exenption will result in
resource savings both to EPA and industry w thout conprom sing
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the Il evel of risk managenent afforded by the full 90 day review
In addition to assessing the risk of A oryzae, EPA has devel oped
criteria limting the potential for transfer of and expression of
t oxi n sequences, and the conditions of use specified in the
exenption are net (Tier 1) or will be reviewed by EPA to ensure
adequate risk reduction (Tier 11). EPA requirenents for

m ni m zi ng nunbers of viable m croorganisns emtted are wthin
standard operating procedures for the industry, and both the
procedures and the structures specified in the exenption are the
type industry uses to protect their products from contam nation.

The exenption will result in reduced reporting costs and a
decrease in delay associated with reporting requirenents. The
savi ngs in Agency resources can be directed to review ng
activities and m croorgani sns which present greater uncertainty.
Thi s exenption should also facilitate devel opnent and
manuf acturing of new products and the accunul ati on of useful
i nformati on.

V. RECOMVENDATI ON AND RATI ONALE

A. RECOVWENDATI ON:  Aspergillus oryzae is recommended for
section 5(h)(4) tiered exenption.

B. RATI ONALE

1. Risks fromuse of the recipient mcroorganismA
oryzae are low. A oryzae has a history of commercial use
W t hout reports of adverse effects to workers or the environment.
Wil e sone strains of A oryzae are known to produce nycotoxins,
t hese nycotoxins are not highly toxic to humans and their
producti on under usual comrercial conditions does not appear to
pose a significant risk to human health. There is inconplete
evidence to substantiate the theory that A oryzae is a
donesticated derivative of A flavus, which is known to produce
af | at oxi ns. However, aflatoxin production does not appear to be
a problemfor established A oryzae strains under usua
fermentation conditions. Attention to these fernentation
conditions contribute to controlling the amount and tim ng of
exposure to nycotoxins in the industrial setting. Furthernore,
the use of proper safety precautions, good | aboratory practices,
and proper protective clothing, allays concern for exposure of
workers to nycotoxins potentially produced by this m croorgani sm
A. oryzae appears to |l ack many survival features necessary for
establishnment in the environnent. Potential hazards to the
public and the environnent are also mtigated by limtations to
exposure brought about by the conditions of contai ned use which
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are designed to limt release of the mcroorganisns to the
envi ronment .

2. Use of strains of A oryzae which are eligible for
the TSCA section 5(h)(4) exenption present no unreasonable risk.
I ndustrial strains of A oryzae are not known to produce
af | at oxi ns; however, it is possible that because A oryzae
appears to be a donesticated version of A flavus it may possess
dormant genes for aflatoxin production. As part of proving
eligibility for this TSCA section 5(h)(4) exenption, conpanies
are required to certify that they are using A oryzae. It is
therefore expected that conpanies will have information in their
files which docunents that their strains are A oryzae and are
not aflatoxin producers. Additionally, it is expected that
conpanies wll choose well-characterized industrial strains for
further devel opnent through genetic nodification. These
expectations in conbination with the use of Good Laboratory
Practices should ensure the use of the correct species.

The limtations placed by the section 5(h)(4) exenption on
the introduced genetic material, in particular the well-
characterized and imted in size restrictions, should reduce the
i kelihood that any sequences relating to aflatoxin production
could be introduced. The containnment requirenents would limt
exposure to any nycotoxins produced.

Because the recipient mcroorganismwas found to have little
potential for adverse effects, introduced genetic materi al
meeting the specified criteria would not likely significantly
i ncrease potential for adverse effects. As further assurance
that risks would be | ow, EPA is specifying procedures for
m ni m zi ng nunbers of organisns emtted fromthe facility for the
Tier | exenption and will be reviewi ng the conditions sel ected

for the Tier Il exenption. Wen bal anced agai nst resource
savings for society and expected product benefits, this exenption
wi |l not present unreasonable risks.

REQUEST FOR COVMENTS

The Ri sk Assessnent requests that comment be sought on the
followng: (1) The conclusion that genetic nodification of A
oryzae cannot inadvertently produce an afl atoxigenic strain, and
(2) whether there is a need to differentiate between strains of
A. oryzae having long histories of safe use and strains simlar
i n phenotype which are nore recent isol ates.
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Attachment 1:
| NTEGRATED RI SK ASSESSMENT OF

Aspergillus oryzae

| NTRODUCTI ON

Aspergillus oryzae is an asexual, asconycetous fungus used
for hundreds of years in the production of soy sauce, mso and
sake without recorded incidents. There are conflicting opinions
about whether A. oryzae can be isolated in nature. Although the
details of the genetic relationship between A. oryzae and A
flavus remain unclear, the two species are so closely rel ated
that all strains of A oryzae are regarded by sone as natura
variants of A flavus nodified through years of selection for
fermenting of foods. A. oryzae is regarded as not being
pat hogenic for plants or animls, though there are a handful of
reports of isolation of A oryzae frompatients. Products of A
oryzae fernentations, e.g. a-anylase, seemto be associated with
allergic responses in certain occupations with high exposure to
those materials. A. oryzae can produce a variety of mycotoxins
when fernentation is extended beyond the usual tinme needed for
these foods. Wile wld A flavus isolates readily produce
af | at oxi ns and ot her nycotoxins, A oryzae has not been shown to
be capabl e of afl atoxin production.

Hi story of Commercial Use and Products Subject to TSCA
Jurisdiction

Aspergillus oryzae has apparently been an essential part of
oriental food production for centuries and is now used in the
production of many different oriental foods such as soy sauce,
sake and m so. Potential uses under TSCA include fernentations
of nunerous enzynes, e. ¢., anylase, protease and B-
gal act osi dase, and organi ¢ conpounds such as glutam c acid.

Wil e these products have a variety of potential comercial uses,
they are nostly frequently used in food processing.

The experience of safe commercial use of A oryzae is
extraordinarily well established. As a "koji" mold it has been
used safely in the food industry for several hundred years. A
oryzae is also used to produce |livestock probiotic feed
suppl enents. Even the commercialization of byproducts of the
fernentati on was established nearly a century ago. The "koji"
nol d enzynes were anong the first to be isolated and
comercialized. 1In 1894, Dr. J. Takam ne isolated and sold



Takadi astase froma comercial firmhe started in Cdifton, New
Jersey (Bennett, 1985a).

EPA has reviewed, under TSCA, two genetically nodified
strains of A oryzae used for the production of enzynes (P89-134
and P94- 1475) .

1. | DENTI FI CATI ON AND TAXONOWY
A. Overvi ew

The candi date species is a nenber of the genus Aspergillus
and belongs to the group of fungi that are generally considered
to reproduce asexually (Fungi |nperfecti or Deuteronycetes),
al t hough perfect fornms (forns that reproduce sexually) of sone
aspergilli have been found. The form genus Aspergill us
represents a taxonom c grouping of a very |arge nunber of asexual
fungi which are characterized by the production of spores on
| arge bl ack or brown conidia in phialides arranged on a
characteristic spherical conidiophore ternmed the vesicle. This
definition leads to inclusion of a conplex assortnent of
organisnms within the taxon. To sinplify the taxonony of such a
| arge nunber of organisns, the genus Aspergillus has been divided
into sections or groups based on color, size and roughness of the
spore, conidi ophore and vesicle as well as the arrangenent of
phi alides and the presence of sclerotia. The separation of
i ndi vi dual species into groups is sonmewhat tenuous and based on
di stingui shing nmeasured characters with overlapping neans. This
resulted in the 132 species arranged in 18 groups by Raper and
Fennel | (1965) due to overl appi ng nor phol ogi cal or physi ol ogi cal
characteristics. However, it is inportant to renmenber that
taxonony is "dealing with living variabl e organi sns and t hat
speci es and group concepts nust be reasonably elastic" (Raper &
Fennel |, 1965).

As is the case of many fungi, the taxonony of Aspergillus is
primarily based on norphol ogi cal features, rather than
physi ol ogi cal, biochem cal features and genetic characteristics
often used to classify bacteria. Nonenclature problens of the
genus Aspergillus arise fromtheir pleonorphic life cycle. The
newer findings show that this group of fungi has both a perfect
(tel eonorphic) and an inperfect (ananorphic) state.

The norphol ogi cal approach to taxonony has led to the
exi stence of several synonyns for the genus Aspergillus. They
are: Alliospora Pim Aspergillonsis Spegazzini; C adaspergillus
Ritg; C adosparum Yuill and Yuill; Euaspergilus Ludw g;
Qutturonmyces R volta; Raperia Subramani am and G ove; Sceptromyces
Corda; Spermatol oncha Spegazzi ni; Sphaeronyces Mnt agne;
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Sterigmatocystis Cramer; and Stil bot hammi um Henni ngs (Bennett,
1985b) .

Aspergilli are ubiquitous in nature. They are
geographically wdely distributed and have been observed in a
broad range of habitats, because they can colonize a wide variety
of substrates.

B. The Aspergillus flavus G oup

Aspergillus oryzae is a nenber of the A flavus group of
Aspergillus species. The A flavus group, which al so now
i ncludes A sojae, A nomus and A parasiticus (see below) is
defined by the production of spore chains in radiating heads
whi ch range in color fromyellowgreen to olive brown. The
coni di ophores are roughened and col orl ess. The spores thensel ves
have conspi cuous ridges and echinulations (spines). Sclerotia
are occasionally produced (Raper & Fennell, 1965). A
oryzael/ fl avus speci es have never been connected to a sexual or
t el eonor phi c stage. However, the tel eonorphic stages of other
Aspergil l us speci es have been denonstrated by the fornation of
clei stothecia. These species belong to the genera Enericella,
Neosartorya and Eurotium all belonging to the asconycetous
famly Eurotiaceae (Fennel, 1973). Either the sexual stages of
the A flavus group have not been recogni zed as such, being
identified as conpletely different species based on norphol ogy,
or this group of fungi are "degenerate", having lost the ability
to form sexual spores and nyceli a.

A. oryzae is considered by sonme experts to be a donesticated
variant of A flavus (Kurtzman et al. 1986). Through long-tine
use, A oryzae strains seemto have been selected to exhibit
reduced sporul ati on, have nore aerial nycelia and exhibit no
envi ronnmental survival structures |like sclerotia or the presence
of aflatoxins that mght function to inhibit grazing by insects.
These norphol ogical features that differentiate A oryzae fromA
flavus may represent adaptations to the artificial culture
conditions of the koji fermentation. Msidentification of new
i sol ates not obtained fromwell established cultures is always a
possibility, since the key norphol ogical differences between the
two species seemrelated to culture adaptation. However, the
source of A oryzae strains for industrial fermentations today is
likely to be standard culture collections. Environnental
i solates of aspergilli would likely be identified as A flavus
rather than the | aboratory-adapted A oryzae.
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C. Rel at ed Speci es of Concern

The taxonomny of Aspergillus has public health inplications
due to the production of potent nycotoxins by nenbers of this
genus. Mst notable is the association of aflatoxins with
menbers of the A. flavus group (Bennett, 1985b; Seneniuk et al.,
1971). A oryzae is a nmenber of that group and in spite of the
above nentioned norphol ogi cal distinctions, A oryzae appears to
be very closely related to A flavus. Nunmerous studi es have been
done to distinguish the koji nolds fromtheir toxicogenic
relatives. The results are unanbiguous in their confirmation of
the conspecificity of A oryzae and A flavus. (see Section IV.
bel ow) .

In a simlar way, A sojae is considered to be a
donesticated formof A parasiticus and shares a 92% DNA honol ogy
with its wild progenitor. A. sojae also has a history of safe
use in the food industry. A parasiticus in nature is an active
col oni zer of cereal grains and seeds with concurrent nycotoxin
production. Wile these species can be distinguished fromA.
fl avus/ oryzae usi ng norphol ogical criteria, all four species
intergrade. The hazard concerns for these species, thus, are
equi valent to those associated with A flavus/oryzae.

A. nomus is a newy classified species of toxigenic strains
originally described in the A flavus group, but not having the
sane | evel of DNA honol ogy as shown anong the four varieties
menti oned above (Kurtzman et al., 1987). A nom us produces
afl atoxin and includes strains isolated fromdi seased bees. A
oryzae is distinguishable both norphol ogically and genetically
fromA. nom us.

[11. HAZARD ASSESSMENT
A. Human Heal th Hazards

1. Toxin Production by A. oryzae

The cl ose rel ationship between A oryzae and A flavus and
the production of highly toxic mycotoxins by the latter has
resulted in careful exam nation of the toxigenic potential of A
oryzae. However, A oryzae, as a koji mold, has significant
toxigenic potential inits ow right. Those aspergilli used for
manuf acture of Japanese fernented foods have | ong been called
koji nolds. Prom nent anong the 25 koji nolds listed is A
oryzae (Manabe et al., 1984). This fungus is used for Sake, an



16

al cohol i c beverage, M so, a soy bean paste, Shoyu, soy sauce,
Amasake, a sweet beverage and Shouchu, a distilled |iquor.

A. flavus commonly col oni zes damaged cereal grains, soybeans
and peanuts, actively producing nycotoxins (L. Stoloff, 1982).
Certain strains of A oryzae have thensel ves been shown to
produce the mycotoxins aspergillic, kojic, cyclopiazonic and B-
ni tropropionic acids and maltoryzine (Ci egler & Vesonder, 1987).

Even with the food industry strains, a caveat of safety is
that the fungal incubation not exceed the normal three day
period. A oryzae has been shown to produce toxic conpounds
under incubations |onger than the typical koji fermentation
(Senmeni uk et al, 1971; Yokotsuka & Sasaki, 1986). The follow ng
are toxins produced by sone strains of A oryzae.

a. Kojic acid

Kojic acid (discovered by Saito, 1907) is produced by koji,
a solid culture of the koji nmold. It is a commonly produced
nmet abolite that possesses antibacterial and antifungal activity.
Few oral studies exist for this byproduct. Groir reported toxic
effects on chickens at four to eight ng/kg feed. d der studies
(Friedemann, 1934, Werch et al. 1957, Morton et al., 1945) using
i ntravenous or intraperitoneal challenges show noderate toxicity
for kojic acid. Later work had simlar results (Ueno and Ueno,
1978). Kojic acid also is reported to have noderate cardi otoxic
and cardiotonic activity (Manabe et al., 1984., Bajpai et al.
1982). Nineteen of 47 A oryzae strains tested produced kojic
acid (Manabe et al., 1984). Even though it is apparent that the
koji nolds, including A oryzae can produce the toxin kojic acid,
this toxin may not be present in the fernmented foods. The
i ncubation period for sake, shoyu and m so is about two days and
no kojic acid is found at that tinme (Manabe et al., 1984).
However, these authors concluded that they were unable to prove
kojic acid was not present in any fernented food in Japan,
because conditions of production and materials were different for
each industry, and were often uncontrolled. Seneniuk et al.
(1971) warned that even with food industry strains, fungal
i ncubation nust not exceed three days. Thus, as the culture
adj usts to changing conditions, A oryzae nmay produce toxic
conmpounds when incubation tinme exceeds typical koji fermentation
tine.

b. Mal torvyzi ne

Mal t oryzi ne, another toxic netabolite isolated and
characterized by lisuka and Iida (1962), was produced by A
oryzae var. mcrosporus. This netabolite was determ ned to be
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t he cause of poisoning anong dairy cows. Wile highly toxic
(LDy, 3 ng/kg; lizuka, 1974; Ci egler and Vesonder, 1987), the
substance nmay only be found in one or a very few strains of A
oryzae. The single isolate, | AM 2950, produced enough of the
toxin when grown on malt rootlets to poison sonme mlk cows,
pronpting the determnation of its LD,,, The production of these
toxins is related to the conposition of the growh substrate and
usual ly occurs in stationary phase cultures. Conmercial strains
of A oryzae and A. sojae apparently do not produce naltoryzine.

C. Cycl opi azonic aci d

Pitt and Crui ckshank (1990), note that nmany isol ates of
Aspergillus oryzae are found to produce cyclopiazonic acid. Oth
(1977), reporting on food industry strains of A oryzae,

i ndi cated that eight of 16 strains produced cycl opi azoni c acid.
This acid is a natural contam nant of foods and feeds and is
produced by several nolds including those used in fernmented food
production. These included A flavus, A versicolor, A tamarii,
several Penicilliumspecies, including P. canenberti, and A
oryzae. This nycotoxin has been shown to occur naturally in
corn, cheese, peanuts and in Kodo mllet that was inplicated in
natural human intoxication in India (CAST Task Force Report No.
116, 1989a). Benkhemmar et al. (1985) showed that when
cycl opi azoni c acid produci ng (CPA+) strains are mated w th CPA-
strains, the CPA+ phenotype is dom nant in the heterokaryon.

Oral adm ni stration produced effects at |evels ranging fromO0. 25
to >50 ng/ kg with dogs anong the nost sensitive species and rats
anong the | east (Purchase, 1971; Nuehring et al., 1985).

LO(A) ELs for sensitive species were at or under 1ng/kg. N shie
et al. (1985) noted that Rao and Husain (1985) identified
cycl opi azonic acid as the cause of debilitating illnesses in
cattle and man in India.

d. b-ni tropropi onic acid

A. oryzae can produce b-nitropropionic acid, along with
ot her food-borne nolds (G lbert et al., 1977). Its node of
action is apparently irreversible succi nate dehydrogenase
i nhi bition which can cause a variety of synptons often
neurol ogical in nature. These synptons have been studied in mce
(Gould and Gustine, 1982; Unezawa, 1967) and rats (Ham|ton and
Goul d, 1987) where intravenous or subcutaneous LDy,;s of 20-50
nmg/ kg were determ ned. Reports of |ivestock poisoning via
ingestion in feed (Janmes et al., 1980; Janmes, 1983) showed t hat
i ngestion of b-nitropropionic acid could produce significant
toxic effects up to and including death. Wen A oryzae (ATCC
12892) was studied for its ability to produce b-nitropropionic
acid on various high protein and carbohydrate-rich foods, it
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flourished and produced this toxin in cooked sweet potato, potato
and ripe banana (Penel and Kosi kowski, 1990). Anmes type assays
for nmutagenicity (Dunkel, 1985) showed positive responses wth
and wi thout activation for two Sal nonella strains, but not for
three others. This assay uses nmultiple indicator strains in
order to ensure that each potential nutation node is detectable;
the failure in three strains nerely inplies that the nutation
nodes to which each is sensitive are not the ones associated with
the test substance.

2. Taxononi ¢ and Genetic Relationship to O her
Aspergilli

The cl osest taxon to A oryzae is A flavus which Kurtzman
et al. (1986) regard as conspecific. Mny strains of A flavus
produce afl atoxins which are acutely toxic to mammals (oral LDss
ranging from1l to 15 ng/ kg dependi ng on test species (Ceigler,
1975). Afl atoxins are ani mal carcinogens (Barnes and Butl er,
1964; Dickens and Jones, 1964; Sinhuber, 1968) and al so probabl e
human carci nogens (Council for Agricultural Science and
Technol ogy, 1989). Devel opnental effects have al so been found
(El'ts and Di Paol o, 1967, Le Breton et al., 1964).

While the koji nolds |ike A oryzae are distinguishable
from they are nevertheless very closely related to, A flavus.
Di stingui shing between A oryzae and A flavus by physical traits
is elusive. The toxicogenic subspecies/variety A flavus has
numer ous spores chains that remain yell owgreen; sterigmata that
are always biseriate; spiny (echinulate) individual spores;
roughened coni di ophores up to 600pumin I ength and sclerotia
often present. The variety called A oryzae specifically has
fewer spore chains, fading to brown with age; | onger average
coni di ophores (about two to three nm; snoother i ndividual
spores; sterigmata usually in 1 series and sclerotia rarely
produced (Raper & Fennel, 1965).

3. Lack of Aflatoxin Production in A. oryzae

Despite this strong simlarity between the tw species,
production of afl atoxins has not been denonstrated by A oryzae.
Many studies affirmthat the currently avail able strains
confirmed to be A oryzae are not capable of producing afl atoxins
(Wei and Jong, 1986; Yokotsuka and Sasaki, 1986). In one test, no
strains of A oryzae or A sojae (another koji nold) produced
detectable Il evels of aflatoxins, while 33% and 85% of the strains
of A flavus and A. parasiticus, respectively, were toxigenic.

As nentioned above, Kurtzman, et al. (1986) regard A. oryzae and
A. sojae as donesticated varieties of their respective
subspecies. Only one study (El-Hag and Morse, 1976) descri bes
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af |l at oxi n production by a strain reported to be Aspergillus
oryzae (NRRL strain 1988). This observation is notable as an
exception to the rule of no aflatoxin production by A oryzae.

It has been noted that A flavus strains upon extended
| aboratory cultivation | ose norphol ogically distinguishing
characteristics, making them appear nuch |like A oryzae
(Kurtzman, et al., 1986). Wcklow (1984) details the conpetitive
di sadvantages of A. oryzae and inplies that A flavus is the
"Wld" form Kurtzman, et al., (1986) ask whether the separation
bet ween toxi genic and non-toxigenic A flavus group species
occurs through ecol ogi cal adaptation or chronosonal changes such
as transl ocations or inversions.

The el uci dation of netabolic pathways responsi ble for the
production of aflatoxins by A flavus group fungi has progressed
rapidly. Recently Payne (Bhatnagar, et al. 1992 and Payne, 1994)
reported on the conversion of an afl atoxin non-producing strain
of A flavus to aflatoxin B, positive using a cosmd library
devel oped froma toxigenic A flavus. Wile added netabolic
precursors could not stinulate toxin production in the nutant,
the addition of an appropriate cosmd carrying a <5 Kbp fragnent
of the genone of the toxin producer converted the non-toxigenic
strain to significant |evels of aflatoxin production. Further
work has resulted in isolation of a small segment specifying a
regul atory, rather than structural, gene that affects early parts
of the pathway. Probes for this regulatory gene, designated afl
R, have been positive in both A oryzae and A sojae, even though
t hose strains do not produce aflatoxin. In addition, Payne stated
t hat probes for structural genes for aflatoxin production were
al so positive in sonme, but not all, A oryzae strains exam ned.

It appears that evidence is nounting towards nultiple
reasons for failure to produce aflatoxins in A oryzae cultures.
One explanation is a lack of functional regulators, specifically
afI R that activate aflatoxin production. Another is that sone
or all of the structural genes in the afl atoxin pathway may be
non-functional. For both types of genes, those sequences could be
absent or present in the wong orientation or split by insertions
or nodified slightly so as to be non-functional. Except for
substantial deletion or absence of the necessary sequences, al
of these alternatives are potentially reversible. However, Payne
i ndi cated that he doubted that industrial strains of A oryzae
were likely to revert to aflatoxin production. He indicated
t hat, even though probes found the presence of appropriate gene
sequences, the genes so detected could easily be inconplete
enough so as to be conpl etely non-functional.
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Thus, conpl ete absence of genetic potential is not the only
pl ausi bl e expl anation for the non-expression of characters such
as aflatoxin production in A oryzae. |In a related study,
researchers attenpting to inprove strains of a nold identified as
A. oryzae used for food fernmentation in Thailand acquired a toxin
produci ng strain by sinple U/ nutagenesis of a known "safe"
strain (Kalayanamtr, et al. 1987). The toxins produced by this
strain and other toxicogenic A oryzae strains are not afl atoxins
but rather other types of nycotoxins. The exact conposition of
the toxins involved in A oryzae toxicosis in these studies, as
i n other anecdotal studies, was not determ ned (Seneniuk, et al.
1971; Wckl ow and Dowd, 1989, and Kal ayanamtr, et al., 1987).
The nmechanism for this conversion to toxigenicity was not
i nvestigated, but the nutations required could have affected
ei ther structural or regulatory genes and produced the new
observed toxi geni c phenotype.

4. Col oni zati on and Pat hogenicity

Aspergillus oryzae does not appear to be a significant human
pat hogen. Avail able information docunents infections in humans
possi bly caused by A oryzae in only three instances. The first
was a case of neningitis (Gordon, et al., 1976). |In the second
case, A oryzae invaded the paranasal sinuses, causing fever and
right periorbital swelling (Byard, et al., 1986). The third case
was a pul nonary aspergillonma caused by A oryzae (Liao, 1988).
Care nust be exercised in evaluating these three cases as having
been caused by this organismdue to its close taxonom cal
relationship to A flavus and the possibility of incorrect
identification. The relative rarity of such cases in |ight of
t he commonpl ace use of A oryzae suggests this species has a | ow
potential for expressing pathogenic traits.

5. Al lergic Reactions to Asperqgillus oryzae

Al l ergic reactions are not uncomon for aspergilli and many
occupational cases have been described for A oryzae. Baker's
asthma is reported to be the nost frequent occupational |ung
di sease in Switzerland and West Germany (Withrich and Baur,
1990). The a-anyl ase, produced by A oryzae, that is used by
bakers in bread maki ng, was reported by Birnbaum et al. (1988)
to have caused asthma in a baker. Based on an observation of a
case of baker's asthma due to nonoval ent sensitization to a-
anyl ase used as an additive to flour, investigators tested 31
bakers who had occupational asthma and/or rhinitis by skin tests
and serol ogi c RAST exam nations. Thirty-two percent of the
bakers had RAST specific IgE to a-anylase fromA. oryzae.

Aki yama, et al. (1987) describe a case of allergic
bronchopul nonary aspergillosis due to Aspergillus oryzae in a 19-
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year-ol d fenal e.

6. Concl usi ons

There are two maj or concerns for human heal th hazards
associated wwth A oryzae. The first, nost directly tied to A
oryzae, is for nycotoxin production after extended fernentation.
A variety of toxins can be produced, with the nost conmon being
the noderately toxic kojic acid. Qher nore potent toxins may
only be produced by a few strains or in |esser quantities. The
second issue is that of the nearly indistinguishable identity of
A. oryzae and A flavus. The identification issue raises
questions as to the likelihood that strains identified as the
| atter produce highly toxic aflatoxins and the anecdotal evidence
that A. oryzae produces no afl at oxins.

The first concern is mtigated by the limted toxicity of
t he nost conmmonpl ace toxin and by the fact that toxin production
is mnimzed through use of appropriate fernmentation controls.

The second concern is nore conplex. Anecdotal evidence
gat hered over centuries suggests that A oryzae comercial food
strains do not produce afl atoxins nor have there been reports of
any human healths effects fromaflatoxin. However, A oryzae
appears so closely related to its afl atoxi n-produci ng counter part
as to be viewed as consisting of culture-attenuated strains of A
flavus (Kurtzman, 1994; Wcklow, 1984). It has been hypot hesi zed
that A. oryzae evolves under culture fromA. flavus strains due
to selection for features that would be ecol ogically detrinental
inthe wild. Wcklow (1984) details the conpetitive
di sadvant ages of A. oryzae and inplies that A flavus is the
"Wld" form This is simlarly suggested for the A sojae - A
parasiticus pairing. Kurtzman, et al. (1986) have shown that A
flavus and A oryzae are essentially the sane based on DNA
conparisons. It is reasonable to conclude that under years of
growh in |aboratory culture, A oryzae can no |onger express
genes for toxin production.

Hypot hetically, then, if A oryzae has evolved to non-
afl at oxi genic status after centuries in culture, the question
remai ns whether it can revert to the "wild" type. The experience
of oriental food production would seemto suggest not, or at
| east not frequently enough as to be detectable. Recent studies
(Payne, 1994; Klich, 1994) suggest honol ogy between parts of the
A. oryzae genone and structural genes for aflatoxin production.
It is conceivable that reintroduction of regulatory genes or
their gene products could activate a dormant afl atoxin synthetic
potential. There is no evidence to show that the required gene
transfer or gene rearrangenent that m ght provide the needed
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functional sequences for an aflatoxin producing A oryzae strain
occurs naturally. The question is, therefore, whether this type
of genetic nodification is possible in culture.
B. Envi ronnment al Hazards

1. Hazards to Aninals

The potential for toxin production is the main environnental
hazard i ssue of concern for A oryzae. |If there were a nethod to
di stingui sh between toxi cogeni c and non-toxi cogeni c strains,
there woul d be no environnmental concern for A oryzae. Two
recent studies that addressed the question of differentiating
bet ween toxin produci ng and non-toxi cogeni c strains of the
rel ated species A flavus, A parasiticus and A nom us were
unable to correlate either mtochondrial or chronbosomal DNA RFLPs
Wi th mycotoxin production (Mody & Tyler, 1990a, 1990b). This
again points to differences that may only involve snal
regul atory regions or that involve differences in structural gene
conpl enents that are beyond the detection limt of current DNA
typi ng technol ogi es.

Conmpounding this is the observation that A oryzae and A
flavus are essentially indistinguishable by nost nol ecul ar
techniques. A flavus is believed to be second in frequency only
to the frank fungal pathogen, A. fum gatus, as a cause of
aspergillosis in many species. A flavus is associated
specifically with invasive di seases of insects as well as
toxi cosis (Austw ck, 1965). Recently, sone insect pathogenic A
flavus strains were reclassified into A nomus (Kurtzman et al.
1987). Whether A oryzae is involved depends on how one defines
the species of the A flavus group. The effects on |ivestock of
the various toxins that occur after extended koji fernentations,
or in contam nated feed, show that the "m nor" nycotoxins can
still cause economc |oss. No anecdotal accounts have been found
t hat denonstrate that these potential effects occur in wildlife
outside the agricultural environnent.

2. Hazards to Pl ants

No reports of A oryzae effects on living plants have been
found. This species does not appear to be pose a hazard to
pl ants.

3. Concl usi ons

The issues for environnental hazards are simlar to those
for human health hazards. The primary hazard concerns are for
toxin production by A oryzae strains. Under usual conditions of
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culture, well established commercial strains of this species do
not seemto produce significant |evels of nycotoxins, although
certain noderately potent toxins can be produced after extended
culture. Aflatoxins appear not to be produced by such cul tures.
The potential for environnental hazard is dependent on the

i kelihood that commercial strains could escape and establish
thenmselves in the wild and grow under conditions anal ogous to
those resulting in toxin production in extended culture. The few
exanpl es of |ivestock poisoning associated with the "m nor"
toxins, b-nitropropionic acid, nmaltoryzine and cycl opi azonic acid
cited above inply that, for a short tine at |east, strains of A
oryzae may be able to survive in the wld.

V. EXPOSURE ASSESSMENT
A Wor ker Exposure
Aspergillus oryzae is considered a Class 1 Contai nnent Agent

under the National Institute of Health (NIH) Cuidelines for
Research I nvol vi ng Reconbi nant DNA Ml ecul es (U. S. Departnent of

Heal t h and Human Servi ces, 1986). In Europe, Aspergillus spp.
are treated as |l owrisk-class mcroorganisns, i.e., category 2 of
t he European Federation of Biotechnology (Fromrer et al., 1989)

or category 1 on the OECD contai nnment scale. Category 1 of the
Eur opean Federation of Biotechnol ogy scal e includes organi sns
deened harm ess, which can be grown under good industrial |arge
scal e practices (G LSP), while category 2 organisns |ike
Aspergillus require nore stringent containnent.

No data were available for assessing the rel ease and
survival specifically for fernentation facilities using A
oryzae. Therefore, the potential worker exposures and routine
rel eases to the environnent froml arge-scale, conventiona
fermentati on processes were estimated on information avail abl e
from ei ght premanufacture notices submtted to EPA under TSCA
Section 5 and from published information collected from non-
engi neered m croorganisns (Reilly, 1991). These values are based
on reasonabl e worst-case scenarios and typical ranges or val ues
are given for conparison

During fernmentation processes, worker exposure is possible
during | aboratory pipetting, inoculation, sanpling, harvesting,
extraction, processing and decontam nati on procedures. A typical
site enploys | ess than 10 workers/shift and operates 24 hours/day
t hr oughout the year. N OSH has conducted wal k-t hrough surveys of
several fernmentation facilities in the enzyne industry and
monitored for mcrobial air contam nation. These particular
facilities were not using reconbi nant m croorgani snms, but the
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processes were considered typical of fernentation process

technol ogy. Area sanples were taken in |ocations where the
potential for worker exposure was considered to be potentially
greatest, ie. near the fernmentor, the seed fernmentor, sanpling
ports, and separation processes (either filter press or rotary
drumfilter). The workers with the highest potential average
exposures at the three facilities visited were those involved in
air sanpling. Area sanples near the sanpling port reveal ed
average airborne concentrations ranging from350 to 648 cfu/nt.
Typically, the Chem cal Engi neering Branch would not use area
monitoring data to estimate occupati onal exposure |evels since
the correlation between area concentrati ons and worker exposure
is highly uncertain. Personal sanpling data are not avail abl e at
the present tine. Thus, area sanpling data have been the only
means of assessing exposures for previous PM bi ot echnol ogy

subm ssions. Assum ng that 20 sanples per day are drawn and t hat
each sanple takes up to 5 mnutes to collect, the duration of
exposure for a single worker will be about 1.5 hours/day.
Assumi ng that the concentration of m croorganisns in the worker's
breat hi ng zone is equivalent to the levels found in the area
sanpling, the worst-case daily inhal ati on exposure is estimted
to range up to 650 to 1200 cfu/day. The uncertainty associ ated
with this estinmated exposure value is not known (Reilly, 1991).

B. Envi ronmental and General Exposure

1. Fate of Organism

Envi ronnent al exposure to A oryzae is significantly
affected by the ability of strains to survive outside controlled
fermentation conditions. However, A oryzae is seen by sone
factions in the fungal taxonony community to be a species created
by donestication of A flavus. This process of donestication has
apparently resulted in the devel opnent of traits that would [imt
survival, and thus, the exposure potential of A oryzae. One
character that is correlated with the survival of the wild type
A. flavus organismis also a specific environnental hazard
concern: mycotoxin production. It appears that mycotoxin
production and other wild type A flavus characters are fungal
responses to insect predation pressures and | ong term survival
and di spersal needs (Wcklow, 1983; W ckl ow and Dowd, 1989;

W ckl ow and Shotwel |, 1983). The spiny nature of the spores, the
roughened character of the conidi ophore and the production of
toxi c nmetabolites such as nycotoxins are hypothesized to deter
insects fromeating the fungal nycelium and spores (W ckl ow,
1983). As with many ot her advantageous characters, there is an
assuned netabolic cost associated with the production of these
mycel i al features and secondary netabolites to prevent insect

pr edati on.
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Typical wld type A flavus strains isolated fromsoil or
nol ded grains will, upon continual subcul turing, develop | onger
coni di ophores and produce fewer spores, sclerotia and nore aeri al
mycel i um (W ckl ow, 1983). Several strains originally described
as A flavus when isolated were renaned A oryzae when reexam ned
after years of mai ntenance by subcul turing (Wcklow, 1983).
These nor phol ogi cal changes probably resulted from sel ection
pressures simlar to those inposed upon industrial "koji" strains
and reaffirns the fact that cultural naintenance can itself
substantially alter strain character, if the organismis not in a
gui escent state.

Wth release frominsect predation and survival insured by
human mani pul ation, the wild type fungus coul d express sone
ot herwi se non-adapt abl e characters. These include characters
associated with the "koji" nolds: abundant aerial hyphae, |ess
sporul ation and | arger spores, |ack of sclerotia and nycotoxin
production. Like etiolated seedlings, the | anky coni di ophores
and aerial nycelia of A oryzae would not be resilient to
envi ronnent al perturbations and probably are not advantageous for
natural substrate utilization. Aerial nycelia would al so
interfere with spore dispersal and | arger spores thensel ves woul d
di sperse less well than the wild type found in A flavus. Larger
spores may aid in faster initial colonization of the substrate in
the industrial strains (Wcklow, 1984). Both A oryzae and A
soj ae have been shown to have spores that germ nate about three
hours sooner than their possible environnmental progenitors A
flavus and A. parasiticus (Wcklow, 1984).

The foll ow ng sections review the potential exposure of
popul ati ons and the environnment outside of a fernentation
facility to an industrially used strain of A oryzae. Despite
the possible imtations of survival of A oryzae relative to A
flavus, a conservative approach is taken. Because no data are
avai | abl e regarding the ability of industrial strains to disperse
and persist in the environment, this assessnent is based on
mat hemati cal nodels. These nodel s assune that the m croorgani sns
are dispersed as if they were particles, and that they neither
mul tiply nor die during the dispersal process. These are
reasonabl e assunptions for spores, but they are | ess appropriate
for vegetative forns.

2. Rel eases

Esti mates of the nunber of A oryzae organi sns rel eased per
production batch are tabulated in Table 1. The mnimally
control |l ed scenario assunes no treatnment of the fernmentor off-gas
and assunes 100-fold (2 log) reduction of the naxi mum cel
density of the fernmentation broth resulting frominactivation
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(Reilly, 1991). The containnent criteria required for the ful
exenption scenario assune the use of in-line filters to treat
vent gases and a 99% renoval efficiency under normal operating
conditions. They also assune an overall 6-1og reduction relative
to the maxi mum cell density of the fernmentation broth resulting
frominactivation steps (Reilly, 1991).

TABLE 1. Estinmated Nunber of Viable Aspergillus oryzae
Organi sns Per Production Batch

Mninmally Ful
Rel ease Medi a Controll ed Exenpti on Rel ease
(cfu/ day) (cfu/day) (days/ year)
Air Vents 2x108 - 1x10% 2x10° - 1x10° 350
Rotary Drum Filter 250 250 350
Surface Water 7x10%? 7x108 90
Soi | / Landfil | 7x10% 7x10%° 90

Source: Reilly, 1991
3. Al r

There are no specific data regarding the survivability of A
oryzae in the atnosphere after release. Human exposure to A
oryzae aerosols, should it occur, would occur via inhalation.

Rel eases fromfernentor off-gas may result in nonoccupati onal

i nhal ati on exposures, if the rel eases are outside of the
fermentation facility. To estinmate these potential exposures,
Versar (1991) used the sector averaging formof the Gaussian

al gorithm described in Turner (1970) and the rel ease rates
estimated by Reilly (1991) and summari zed in Table 1. For

pur poses of this assessnent, a release height of three neters and
downward contact at a distance of 100 neters were assuned. Under
the mnimally controlled scenario of no renoval of organi sns by
treatment of off-gasses, anbient human inhal ati on exposures are
estimated to range from9 x 10° to 4 x 10° cfu/day. For systens
operating in conpliance with criteria required for the ful
exenption, and thus with 99% reduction of the off-gasses,
exposures of 9 x 10* to 4 x 10’ cfu/day are esti mated.

According to Versar (1991), these estinates represent
hypot heti cal exposures under reasonable worst case conditions.
However, it should be noted that these exposures are actually
substantial overestimates, because industrial fernenters, which
may have vol unes of 100,000 liters (Finkelstein et al., 1989),
t hensel ves are higher than three nmeters, the assuned stack hei ght
[the taller the stack, the |ower the predicted organi sm
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concentration at 100 neters downwi nd]. In addition, one of the
conditions of the exenption is that the fernentors are not vented
directly to the anbient air.

4. Wat er

Versar (1991) estimted the concentrations of A oryzae in
surface water using streamflow values for water bodies receiving
process wastewat er discharges fromfacilities within SIC Code 283
(drugs, nedicinal chem cals, and pharmaceuticals). The surface
wat er rel ease data (cfu/day) tabulated in Table 1 were divided by
the streamflow values to yield a surface water concentration of
the organism (cfu/L). The streamflow values for SIC Code 283
wer e based on discharger location data retrieved fromthe
I ndustrial Facilities D schargers database on Decenber 5, 1991,
and surface water flow data retrieved fromthe RXGAGE dat abase.

Fl ow val ues were obtai ned for water bodies receiving wastewater

di scharges from 154 indirect (facilities that send their waste to
a POTW and direct dischargers (facilities that have an NPDES
permt to discharge to surface water). Tenth percentile val ues
indicate flows for smaller rivers within this distribution of 154
receiving water flows and 50th percentile values indicate flows
for nore average rivers. The flow value expressed as 7QLO is the
| onest fl ow observed over seven consecutive days during a 10-year
observation period. The use of this nethodology to estimte
concentrations of A oryzae in surface water assunes that all of
t he di scharged organi sns survive wastewater treatnent and that
grom h i s not enhanced by any conponent of the treatnent process.

Estimated concentrations of A oryzae in surface water for
mnimally controlled and full exenption scenarios are tabul ated
in Table 2.
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TABLE 2. Aspergillus oryzae Concentrations in Surface Water

Recei vi ng
Fl ow St ream Fl ow Organi sns
(M.D*) (cfull)
Mean Q710 Mean Q710

Mnimally Controlled

10th Percentile 156 5. 60 4.5x10% 1. 25x10°

50th Percentile 768 68. 13 9.11x10°3 1. 03x10°
Ful | Exenption

10th Percentile 156 5. 60 4.5x10° 1. 25x10°

50th Percentile 768 68. 13 9.11x10°' 1.03x10*

*MD = mllion liters per day
Source: Versar, 1991

5. Soil
Because soil is a possible natural habitat for A oryzae,
long-termsurvival in soil is expected. Human exposures via

dermal contact and ingestion may occur at the solid waste

di sposal site, if the strain can establish itself. Environnental
exposures to terrestrial, avian, and aquatic (via runoff)

organi sns nmay al so take place. However, it should be noted that
for establishnment to take place, the introduced A oryzae wl|
probably have to out-conpete and di splace the indigenous A
flavus and A. oryzae populations. The limtations cited above
may make this difficult.

6. Sunmary

Al though, in order to produce a quantitative estimte of
exposure for this species, a conservative estimate is the only
possi bl e approach given avail able data, the intrinsic features of
the donesticated strains of A oryzae may |limt exposure beyond
the cal cul ated values. A. oryzae may not exist in the wld, but
it my exist in the i medi ate surroundings of fernentation
plants. The issue of exposure to a strain of this species is
basically a question of whether the increase in rel ease of
spores, due to production of these strains, will be noticeable
when conpared to nornal exposure to other production strains. 1In
t hat context, the nunber of spores of strains released from
production facilities, under the conditions described in Table 2,
woul d not appear to add significantly to the environnmental burden
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of spores produced from ot her production sources. Added to this
is the limted probability that new production strains would fare
any better than simlar established production strains in the
ability to survive in a natural environnment. G ven these

condi tions, concern for environnental exposure to this species
would be limted to the immediate vicinity of the production

pl ant .

V. | NTEGRATI ON OF RI SK

In the previous sections, information regarding the
potenti al exposures and hazards to workers, the general public,
animals, plants and the environnment was reviewed. This section
serves to integrate this information to evaluate the potenti al
ri sks associated with the industrial use of Aspergillus oryzae.

A. Di scussi on

The only maj or concerns identified are associated with human
and animal toxicity due to nycotoxin production. A oryzae and
A. flavus are designations of taxa that represent the extrenes of
a spectrumof traits associated with a comon fungus. Current
evi dence points to A oryzae as a donesticated derivative of A
flavus. The evidence is not conplete enough to indicate whether
A. oryzae represents a uni que genotype as well as a stable
phenotype. |t appears that under prolonged cultivation the
phenotype of A. oryzae will be exhibited and that aflatoxins wl|
not be produced fromsuch strains. Qher toxins such as
cycl opi azonic acid and kojic acid may, however, be expressed.

1. Afl at oxi n Producti on

Al though it is likely that A oryzae held in cultivation for
decades or even centuries are likely to represent strains having
smal |, but key, deletions in an otherw se identical genone to A
flavus, it is renotely possible that the phenotypic differences
bet ween the two species nay be due to differences in the
arrangenment and control of genes rather than the |oss or gain of
them |If A oryzae strains have had reversi bl e gene
nodi fications that prevent the expression of aflatoxin genes,
then environnmental control of such rearrangenents is possible and
reversion can occur. It nust be noted that there have been no
reports of workers in the industrial setting suffering from
af l atoxin effects.

Additionally mtigating this concern is the observation that
A. oryzae introduced to the environnent in industrial
fermentation wastes is not likely to survive for any extended
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period of tinme due to its | oss of key survival features. W cklow
(1984) has described the conpetitive disadvantages of A oryzae.
These observations suggest that this organismis highly adapted
to conditions in the | aboratory.

There is a basic question as to the likelihood that A
oryzae exists in the wild. Sone researchers (Klich, 1994)
indicate that A oryzae can be isolated in nature. |If these
reports cannot be dism ssed as artifacts of detection
nmet hodol ogy, or m s-designation of the strains, they indicate
that either A oryzae is a naturally occurring phenotype or
escaped A. oryzae can survive in nature.

Al this points to an inconplete know edge base for A
oryzae. However, it is apparent that aflatoxin production is not
a concern for established A oryzae strains under usua
conditions of cultivation. Hazards posed by mycotoxin production
by A. oryzae are mtigated by the limtations on exposure as a
result of expected use scenarios. Wile some workers m ght be
exposed, much of that exposure would presumably be via an
i nhal ation route rather than an ingestion. They would be exposed
nmostly to spores of A oryzae during |arge-scale fernentation.
Since the cultures having the A oryzae phenotype do not produce
afl atoxin and are not pathogenic, this exposure should not be
significant. Spores that escape the manufacturing site would be
unlikely to persist in the environnment because of |ess than
optimal conditions for germnation and growh. As pointed out in
t he hazard assessnent, A oryzae, |acks many survival features
possessed by the related A. flavus. Therefore, fromthe
information cited above and using the values in the assessnment of
exposure, significant environnental exposure relevant to
afl at oxi n production appears unlikely.

2. O her Toxi ns

There renmai ns sone concern for other mycotoxins produced by
koji nolds. These toxins are |less potent then afl atoxins and
their production is tied both to strain specificity and culture
condi tions. However, they can occur even with current
donesticated strains, although there are no reports that their
production in industrial fernmentations have resulted in adverse
effects on human health. The nobst toxic ones, such as
cycl opi azonic acid, seemto be produced by a few strains under
special conditions. The |ess toxic ones, such as kojic acid, my
be limted by engineering controls on the fernentation process.

The exposure conponent of the risk for this concern is
simlar to that described for aflatoxin. Proper conditions of
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cultivation should limt production of these toxins and those
[imt exposure to workers.

3. G her | ssues

Al l ergenicity seens to be related nore to the product of the
fermentations than to A oryzae per se. Sensitivity to a-anyl ase
in particular, is a significant concern, but one that exists for
all aspergilli producing this enzyne. There is thus no
increnmental risk specific to the use of these fungi.

4. Sunmmary

Thus, risks for A oryzae seemtied primarily to whether
af | at oxi ns coul d be produced by production strains, although this
is mtigated by controls on exposure. At this juncture, the only
means to confirmthat this does not occur is to test the
resul tant product for such toxins.

B. Recomendat i on
It is recoomended for the tiered 5(h)(4) exenption. It is
al so recommended that comment be sought, first, on the conclusion
in section I11-A 3 of this docunent that genetic nodification of

A. oryzae cannot inadvertently produce an afl atoxigenic strain
and, second, on whether there is a need to differentiate between
strains of A oryzae having long histories of safe use and
strains simlar in phenotype which are nore recent isolates.
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